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I Intend to five you o brief eueaery of the roiul'tdl.tbi dato 


J . 


• :-;C &f 


of our lifting-body flight program which la balng conducted at th« 
RASA Plight Raaaarch Cantar. 1 have a flln showing aach of tha 
vehicles In flight and a owe othar lntaraatlng concapta «a ara teat- 


Bafora dlacuaalng tha flight prograa, however, I'd Ilka to 


give you a little background. The lifting bodlea which we are 
currently flyi. » re not recant davalopaanta • Tha M2-F2 and HL-10 


configuration* -..a conceived In tha lata 50'a for uaa aa lifting- 
entry piloted apacacraft. They ware. In fact, coot id# rad whan tha 
Mercury apacacraft configuration waa being aelected. They were 


deelgned at that tine to be competitive with capaulaa In terms of 
volumetric efficiency and ara thua charactariatlcally rather thick 
blunt ahapaa. Although they could not quite equal the balllatlc 


/* capaulea In tarma of volumetric efficiency, or weight, they offered 
f the advances of low entry M g" forcaa, hypersonic maneuver ability, 

r 

and a conventional horlaontal landing on land, without landing pro- 


pulsion. Aa you know, tha balllatlc capaula approach was aelected, 
and our manned apacacraft have bean recovered by parachute In tha 


water. 
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NASA has, howm, always been Interested la tha concept of fly- 
lag back from orbit. Tha X-15 waa balag flown Into and back froa 
spaea, and RASA was also actively participating la tha Dyna-Soar 
program. Tha Flight Research Cantor's lataroat la lifting bodlaa 
waa stimulated back la 1962 by tha succaaaful flights of soma small- 
acala Ilf ting -body modals. Ha daddad to construct, and attaapt to 
fly, a manned lightweight lifting body of tha basic M-2 configuration, 
a configuration which was developed at tha RASA Ames Research Center. 
Ha made a successful flight from altitude In 1963 after being towed 
Into the air by a C-47. Ha flew the lightweight M2 -FI for approxi- 
mately 2% years and made almost 100 flights from altitude. 

The success of this flight program encouraged NASA to continue 
on with the Investigation of the 11 f ting-body concept. Money wea 
authorised for the construction of two heavyweight lifting bodies, 
the M2-F2 (a modification of the M2-F1) and the HL-10 (a configura- 
tion developed at the NASA Langley Research Center). 

The M2-F2 waa the first vehicle to be delivered. He made the 
first flight In July 1966. A lateral control sensitivity problem'' 
wea noted during that flight, and a severe roll oedllatlon was in- 
duced by die pilot. Recognising the potentially serious nature of 
the problem, wa still continued to fly the vehicle since we had 
developed positive recovery techniques . 

On the sixteenth flight, howev e r, the pilot again Induced a 
severe roll oscillation and subsequently touched down before extend- 
ing the landing gear due to disorientation and a number of other 
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distractions. Tha vehicle vaa extensively daaaged externally; how- 
•var, tha prlaary atructura and vahiela subayateaa aurvlvad. Tha 
vehicle vaa subsequently Inspected and found to ba repairable. Wa 
hava alnea collated tha rapalra and node a flight laat aonth. Wa 
hava a nuabar of aodlficatlons to tha original configuration to 
inprova ita flight charactarlatlca , tha Boat notlcaabla of vhleh la 
a cantar fin. 

Tha HL-10 vaa flovn for tha flrat tine in Decaaber of 1966. 

Flov aaparation problaaa vara ancountarad on tha flrat flight uhich 
vara extensive enough to randar tha vehicle uncontrollable for 
brief perloda during tha flight. Thera vara no violent vehicle 
aotiona involved, ainply a lack of atablllty and control. Tha pilot 

vaa, hovever, able to aaka a auccaaaful landing. Following that 

c 

flight, additional vind-tumal taata vara conducted to verify tha 
nature of tha problaa and define a fix. It took over a year to do 
thia and accomplish tha aodlficatlon on tha vehicle. Since tha aodl- 
flcatlcn vaa coaplatad, we hava aada 35 aora flighta. Wa hava flovn 
tha HL-10, using tha rocket angina, to a next nun of 1.85 Hack nuabar 
and to altltudea in axcaaa of 90,000 feat. Tha HL-10 haa ao far 
bean an axtraaaly honest vehicle. Tha pilots are iapresaed by its 
handling charactarlatlca and consider ita handling qualities to ba 
on a par with currant operational Jet fighter aircraft. 

I'd Ilka to show you a flla now and after tha aovia I'll 
suanarlse our experience. 

e ■— ■ o ■ — __ - - — c 

In conclusion, than, ve hava aada a total of 67 flighta in tha 
three lifting bodies. Wa hava had prdblaas vith each vehicle even 
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after axhauatlva wind-tunnel taata of each configuration- -a lateral 
HO in the M2-F2, flow aaparation on the HL-10, and a laaa aavara 
conblnatlon of both on the X-24A. Ha have found eolutiona to each 
of thaaa probleae either by analyaia or additional wind-tunnel 
teata. He now have three good flying vehiclea, but we and the wind- 
tunnel people had to work at it. Theae three lifting bodiea are not 
candidate configuration for the apace ahuttle. They were optiniaed 
for e nuch ana liar aiae than the current ahuttle and for a einpler 
niaaion. The reaulta obtained fron the flight teata of theae ve- 
hiclea are, how e v e r, of aignificance to the ahuttle prog ran. 

The flight teat reaulta validated the wind-tunnel data and 
indicated that the tranaonic and low apeed flight characteriatica 
of theae unconventional configuration can be adequately predicted 
nlng axle ting fecilitlea and current technlquee. 

The lifting-body flight reaulta deuonatrated that configuration 
dealgned for lifting entry can atill have acceptable low apeed flight 
characteriatica and adequate naneuver ability for approach and land- 
ing and are thua practical to conalder for the ahuttle niaaion. 

The flight tnta revealed a nunber of problena which had not 
been anticipated, and thn Indicate the need for even wore detailed 
wind-tunnel tenting and analyaia on theae unconventional eenfigure- 
tlone, particularly in regard to low apeed flow aeparatlon. 




